Objective Because fetal respiratory movements increase left ventricular compliance, we hypothesized that the left atrial shortening fraction increases during fetal respiratory motions.
INTRODUCTION
Assessment of fetal diastolic function has been the purpose of many studies and several parameters have been described (Chang et al., 2000; Zielinsky et al., 2004a , DeVore, 2005 , especially in fetuses of diabetic mothers and in the presence of intrauterine growth restriction. The relationship between left atrial function and left ventricular filling is well recognized (Tsang et al., 2002; Abhayaratna et al., 2006) . Conditions that affect left ventricular diastolic function influence left atrial functional status as well. During fetal life, the developing ventricle walls are less compliant compared with neonates, children and adults, directly impacting ventricular filling, which becomes highly dependent on left atrial contraction (Jouannic et al., 2004; Kiserud, 2005) . This can be demonstrated by the analysis of mitral and tricuspid valve flows, which shows an E/A ratio < 1 throughout gestation, with increasing values towards term (Harada et al., 1997) . Left atrial shortening fraction has been shown to be lower in fetuses of diabetic mothers than in normoglicemic mothers as a result of myocardial hypertrophy (Zielinsky et al., 2004b) . In the normal fetus, however, the physiological behavior of the left atrial shortening fraction has not been fully studied yet.
Respiratory movements actively participate in the development of the lungs and become regular after the 20th week of gestation (Berg et al., 1997) . During respiratory movements, the fetus fills the lungs with amniotic fluid and this variation in the dynamics of the thoracic cavity leads to changes in intrathoracic pressure, influencing heart rate, cerebral flow and indexes related to ventricular filling (Romanova, 2002) . Miyague et al. (1997) demonstrated that left ventricular filling increases during respiratory movements when compared with apnea, and we have already shown an increase in the mobility of the septum primum and a lower pulmonary vein pulsatility index (Chemello et al., 2009 ) during respiratory movements when compared with apnea (Firpo and Zielinsky, 1998; Zielinsky et al., 2004a ).
The present study tested the hypothesis that in normal fetuses, left atrial shortening fraction increases during respiratory movements when compared with periods of apnea.
METHODS
A group of 26 normal fetuses with gestational ages between 28 and 38 weeks was assessed in a prospective cross-sectional study. This gestational age range was selected taking into account that fetal respiratory dynamics and sucking-swallowing-respiration coordination only reach their maturation in the third trimester, and that perinatal changes could influence the results. Only fetuses from healthy mothers and normal pregnancies, without cardiac risk factors, were included.
Comprehensive echocardiographic examinations were carried out using commercially available equipment with a 3.5 to 5 MHz convex transducer. Telesystolic and presystolic diameters of the left atrium were measured, using the long axis two-dimensional view as a guide, during fetal apnea and after five respiratory consecutive movements. Measurements were made in each fetus during apnea and breathing, using each fetus as its own control, thus obviating the need to correct for gestational age.
Left atrial shortening fraction was obtained by the ratio [maximal left atrium diameter (telesystolic) -minimal left atrium diameter (presystolic)] / maximal left atrium diameter (telesystolic) (Figure 1 ). Three samples in each respiratory phase were obtained and the means of the measurements were considered. All the images were recorded and a second examiner performed the measurements in six cases to assess interobserver reproducibility. Intraobserver variability was also determined in six fetuses whose measurements were repeated by the same observer 3 days after the first assessment.
The estimate of the sample size (N) was performed assuming the following hypothesis to be tested (H 0 ): There are no significant differences in the measurement of fetal left atrial shortening fraction in apnea and during respiratory movements. An alpha error (/) of 0.05, a beta error (β) of 0.20, a sample standard deviation (δ) of 0.10 and a populational standard deviation (σ) similar to the sample standard deviation, based on previous studies (Zielinsky et al., 2004 ), were estimated. The calculation utilized the following equation (DSS Research, 2007) :
2 . The sample size estimated by this calculation was 26 patients.
Variables assessed were: left atrial telesystolic and presystolic diameters and left atrial shortening fraction. Samples were compared by paired two-tailed Student's t-test. Bland-Altman plots assessed intraobserver and interobserver reproducibility of the variables. Variables were expressed as mean AE SD. The local ethics committee approved the study protocol and informed consent was obtained from all mothers. Software packages used in the present study were MEDCALC version 8.0 (Mariakerke, Belgium) and MS EXCEL 2003 (Microsoft Corporation, Richmond, VA, USA).
RESULTS
The gestational age ranged from 28 to 38 weeks (mean 30.7 AE 2.8 weeks) and maternal ages were from 18 to 40 years (mean 26 AE 8.5 years). Mean left atrium telesystolic diameter was 10.6 AE 0.7 in apnea and 10.5 AE 1.1 mm during respiratory movements (p = 0.98). Presystolic left atrium diameter was 5.2 AE 0.1 mm in apnea and 4.4 AE 1.3 mm during respiratory movements (p < 0.001). Left atrial shortening fraction was 0.50 AE 0.05 in apnea and 0.58 AE 0.13 during respiratory movements (p < 0.001) (Figure 2) .
Bland-Altman tests showed no significant interobserver and intraobserver variability on the left atrium-shortening fraction measurements. All measures fell within two standard deviations (SD) of the mean for intraobserver and interobserver plots.
DISCUSSION
This study shows that left atrial shortening fraction significantly increases during fetal respiratory movements. Fetal respiratory movements are present from 10 weeks of gestation and can be detected as the movement of both thoracic and abdominal walls during ultrasound examination (Berg et al., 1997) . Contraction of the diaphragm moves the thorax downward, decreasing fetal tracheal pressure and allowing a small volume of amniotic fluid to enter the lungs. When the diaphragm relaxes, tracheal pressure normalizes and the fluid leaks away (Romanova, 2002) .
These differences in pressure occur not only in the trachea but also in the thoracic cavity and lead to hemodynamic changes in the circulatory system, increasing heart rate and improving cardiac output and ventricular compliance (Cosmi et al., 2001) . Zielinsky et al. (2004b) and Miyague et al. (1997) have already studied the influence of fetal breathing on the mobility of the septum primum and atrioventricular valve flows. These studies suggest that during respiratory movements, the changes in intrathoracic pressure improve cardiac output and ventricular compliance (Chang et al., 2000; Cosmi et al., 2001 ). An additional study by our group showed that the pulmonary venous flow pulsatility index was lower during respiratory movements than during apnea, showing that left atrium dynamics is highly influenced by left ventricle compliance (Chemello et al., 2009) . We have also demonstrated that left atrial shortening fraction is lower in fetuses of diabetic mothers with ventricular hypertrophy than in those of nondiabetic mothers .
The importance of left atrial function in heart failure is well established. In the elderly, Gottdiener et al. (2006) demonstrated a left atrium enlargement and a lower left atrial emptying fraction in patients with systolic and diastolic heart failure, and they confirmed the association between left atrial size and heart failure. Nistri et al. (2006) reported that, in patients with hypertrophic cardiomyopathy, mortality increased significantly with increasing left atrial dimensions. Ujino et al. (2006) showed that left atrial volume could be assessed by different methods and employed as an index for evaluating left ventricular diastolic function. Briguori et al. (1998) , using both echocardiographic diastolic indexes and hemodynamic measurements, showed that left atrial afterload is inversely related to left ventricle stiffness. These studies show that left atrial size and function give important clues to left ventricle systolic and diastolic function. In fetuses, Harada et al. (1999) showed that fetal atrial functional status correlates with left ventricular function.
In 2004, we described a series of alternative parameters to evaluate diastolic function using diabetic fetuses with myocardial hypertrophy as a model of decreased ventricular compliance (Zielinsky et al., 2004a) . It was shown that the left atrial shortening fraction, excursion index of septum primum and pulmonary vein pulsatility index were significantly different in fetuses of diabetic mothers than in normal fetuses because these parameters were influenced by the diastolic left ventricle functional status. We have already focused on left atrial motion to assess changes related to left ventricular diastolic function in fetuses of diabetic women and have suggested that the study of left atrial shortening fraction could offer information to follow fetal well-being ).
The present study shows a significant increase in left atrial shortening fraction during respiratory movements in the normal fetus. We and others have already demonstrated that during fetal respiratory movements, there is an improvement in ventricular diastolic function (Miyague et al., 1997; Cosmi et al., 2001; Zielinsky et al., 2004a; Chemello et al., 2009) , and that the left atrial shortening fraction is lower in fetuses with impaired left ventricular compliance, such as in maternal diabetes . For this reason, we have interpreted the findings of the present study as a more efficient presystolic left atrial contraction during respiratory movements. This suggestion is supported by the demonstration of a smaller left atrial presystolic diameter during breathing movements, with a virtually unchanged left atrial telesystolic diameter.
Because every fetus was used as its own control, being examined both in apnea and during respiratory movements on the same day, the variation in left atrial dynamics should not have been influenced by gestational age.
We conclude that left atrial shortening fraction is higher during respiratory movements because the left atrial behavior was probably influenced by the left ventricular compliance in the normal fetus.
